1. Introduction
===============

In recent years, hereditary thrombophilias are in the focus of research in all clinical fields, including obstetrics and gynecology. For many decades inherited thrombophilias have been linked with venous thromboembolism (VTE) in pregnancy and the puerperium^\[[@R1]\]^ and recurrent miscarriages.^\[[@R2]\]^ However, since recently they have also been recognized as risk factors for numerous adverse pregnancy outcomes (APO), such as preeclampsia,^\[[@R3]\]^ intrauterine growth restriction,^\[[@R4]\]^ placental abruption,^\[[@R5]\]^ and stillbirth.^\[[@R6]\]^ Kupfermink et al showed that as much as 65% of women with preeclampsia, unexpected still birth, placental abruption, and fetal growth restriction (FGR) had some form of inherited thrombophilias.^\[[@R7]\]^

Prerequisite for successful pregnancy is adequate development and function of placental circulation. Abnormal placentation alongside with placental vascular thrombosis is at least partly responsible for placenta-mediated pregnancy complications. Women with inherited trombophilias develop micro-thrombi in vascular placental bed more frequently compared to women without trombophilias.^\[[@R8]\]^ Such thrombi in utero-placental circulation may lead to a reduction in trophoblast invasion, chronic hypoxia, and placental dysfunction, followed by APO.^\[[@R9],[@R10]\]^ Such observations have initiated the hypothesis that anticoagulants may prevent placental thrombosis and thus placenta-mediated pregnancy complications.^\[[@R11]\]^ Recent meta-analysis conducted to establish if low-molecular-weight heparin (LMWH) may prevent recurrent placenta-mediated pregnancy complications point to important therapeutic effect but these findings are absolutely not universal.^\[[@R11]\]^ Therefore, previous APO due to hereditary thrombophilia have emerged as potential new indication for use of anticoagulants during pregnancy.^\[[@R12]\]^ Considering the biological plausibility of thrombotic mechanisms and the potential of LMWHs to influence it, it is important to consider if LMWHs may have a role not only in the prevention but also in the stopping progression of condition, especially after the reports from TIPPS and FRUITS studies.^\[[@R13],[@R14]\]^ There are data indicating the potential benefit of LMWH on the implantation and placental development. However, all above-mentioned studies have been performed in women with inherited trombophilias belonging to high risk population due to their uneventful medical, family, or obstetric history.

The absence of a strong and reliable evidence base to support clinical guidelines leads to conflicting recommendations in clinical guidelines even on thromboprophylaxis in pregnant women with inherited thrombophilias, such as from the Royal College of Obstetricians and Gynaecologists^\[[@R15]\]^ compared with the American College of Chest Physicians.^\[[@R16]\]^ The circumstances are even more confusing regarding LMWH prophylaxis of APO. Nevertheless, the prevalent use of prophylactic LMWH treatment for pregnant women with thrombophilia and a history of APO created on the logical relationship between thrombotic processes and these complications has prevailed the scarceness of data supporting this treatment. So far, there is no strong evidence supporting antenatal use of LMWH in pregnant women with inherited thrombophilia and previous placenta-mediated complications.^\[[@R17]\]^ The situation is yet more unclear concerning pregnant women with inherited thrombophilia without previous adverse health outcomes in medical, family, and obstetric history. Consequently and not surprisingly, different approaches and protocols regarding LMWH prophylaxes of APO are applied sometimes even in the same clinic.^\[[@R18]\]^ Approach regarding LMWH prophylaxis of APO in women with inherited thrombophilias in our clinic differs between various attending obstetricians. Therefore we aimed to evaluate prophylactic use of LWMH on pregnancy outcomes in women with inherited thrombophilias regardless of the presence of previous adverse health outcomes in medical, family, and obstetric history, thereby testing the hypothesis that prophylactic use of LMWH in such population could decrease the incidence of APO.

2. Methods
==========

This prospective analytical cohort study included all women with inherited thrombophilia between 11 and 15 weeks of gestation referred to Clinic for Gynecology and Obstetrics of the Clinical Centre of Serbia between 1st January 2016 and 1st August 2018 and followed-up to delivery. The study was approved by the Ethic Committee (decision No 2650/IV-13) of School of Medicine, University in Belgrade. Written informed consent was obtained from all study participants. After signing informed consent, detailed medical, family, and obstetric history have been obtained. When obtaining medical histories, particular attention was given to comorbidities that might imply obligatory routine thrombosis prophylaxis, for instance pulmonary embolism (PULME), deep venous thrombosis (DVT) and venous thromboembolism (VTE), and those comorbidities that are risk factors for APO, such as subclinical thyroid dysfunction (TD), insulin resistance (IR), and cigarette smoking. Also, we focused on those comorbidities that might imply obligatory routine thrombosis prophylaxis, such PULME, DVT, VTE, hypertension (HA), myocardial infarction (MI), and cerebrovascular insults (CVI). Detailed data were also obtained on previous conditions and events that could have effects on APO in current pregnancy, such as preterm birth, preeclampsia, placental abruption, and others. Furthermore, in order to identify potential other confounding factors, all participants were given a questionnaire on demographic characteristics (age, race, marital status, and educational level), environmental exposures and life style factors that may affect pregnancy outcomes (exposure to air pollution, environmental tobacco smoke, pesticides, solvents, metals, radiation, water contaminants such as disinfection by-products, arsenic, and nitrates, chemicals such as persistent organic pollutants, Bisphenol A, and phthalates, caffeine intake, alcohol, and marijuana consumption and exercise).

We have excluded women with age over 40 years, severe obesity (BMI over 40), acquired thrombophilia, transplanted organs, congenital anomalies of the uterus, previous gynecological surgeries, and chronic diseases that could influence the outcome of pregnancy (type 1 diabetes, chronic hypertension, chronic kidney diseases, overt hyperthyroidism, and hypothyroidism, comorbidities that require the use of anticoagulant therapy), pregnancy achieved by oocyte donation, and multiple pregnancy. Since the participants were followed-up to delivery, we have further excluded the patients with confirmed congenital fetal anomalies, abnormal fetal karyotype, placenta previa, and placenta accrete and confirmed perinatal infections.

All study participants were subjected in study group who underwent prophylactic LMWH treatment or in the control group with participants who were not subjected to prophylactic LMWH treatment. Allocation of participants into 1 of these 2 study groups was done by the decision of those attending physicians who were ultimately responsible for all aspects of patient care. Furthermore, the choice of the type of applied LMWH was made by the preference of attending physicians and by availability of different types of LMWHs at the time of patient treatment. The decision for this kind of allocation of study participants was based on the fact that this was an observational study, not interventional. Furthermore, as previously mentioned, since there is no consensus about LMWH prophylaxis of APO, different approaches exist worldwide. The same situation is in our clinic, where approaches regarding LMWH prophylaxis of APO in women with inherited thrombophilias, differ between various obstetricians.

All study participants underwent routine pregnancy check-ups such as second trimester ultrasound between 18th and 22nd week of gestation, evaluation of blood pressure, 24-hour urine protein test, and vaginal and cervical smear, and in all cases with suspicious infection the TORCH test was performed. Apart from these routine check-ups, all study participants underwent evaluation of ultrasound Doppler measurements of Resistance index (Ri) of Umbilical artery and laboratory parameters (platelet count, serum proteins, D-dimer) prospectively at 3 study time points: 28th to 30th, 32nd to 34th, and 36th to 38th gestational weeks.

The participants were followed up until delivery which enabled the evaluation of primary study objectives. These were the rates of: miscarriage, intrauterine fetal death (IUFD) defined as fetal demise after 20th gestational week, live birth, perinatal mortality, preterm birth, FGR, placental abruption, gestational hypertension, and preeclampsia. Perinatal mortality rate is defined as the sum of number of stillbirths and neonatal deaths divided by 1000 of total birth. FGR was defined as a weight below 10th percentile for the gestational age. Placental abruption was defined as a clinical triad composed of uterine hyper-contractility or hyperactivity, overt or obscure uterine bleeding. Gestational hypertension was defined as new-onset hypertension (≥140 mm Hg systolic or ≥90 mm Hg diastolic blood pressure) arising after 20 weeks' gestation. Preeclampsia was defined as blood pressure of 140 mm Hg systolic or 90 mm Hg diastolic or higher that occurs after 20 week of gestation in a woman with previously normal blood pressure, together with proteinuria defined as urinary excretion of 0.3 g protein or higher in a 24 hours specimen.

Secondary study objective was to evaluate Ri of Umbilical artery, as well as laboratory parameters such as platelet count in order to diagnose or confirm thrombocytopenia, serum proteins and D-dimer. They were prospectively evaluated at 28th to 30th, 32nd to 34th, and 36th to 38th gestational week. Other secondary study objective was the estimation of the mode of delivery, gestational age at delivery, newborn body weights, and Apgar Scores.

2.1. Statistical analysis
-------------------------

Descriptive statistics on patients' demographic characteristics were reported as mean with standard deviation. Categorical data were presented as numbers with percentages. Differences between groups were analyzed using Student *t* test and Mann--Whitney *U* test for numeric variables, and the Pearson Chi-Squared and Fisher exact test for categorical variables. The univariate and multivariate logistic regressions were used to determine the independent predictors for APO, adjusted for age and therapy. Adjustment variables were included in the multivariate regression analysis if they were significant at the *P* \< .001 level according to the results of the univariate analysis. Results were expressed as odds ratios (OR), and their 95% confidence intervals (CI). Spearman correlation coefficients were calculated to explore the relationships between the routine measurement of Doppler flow artery umbilical presented with resistance index (Ri), D-dimmer level, weeks of gestation and birth weight. All tests were 2-tailed. *P* \< .05 was considered statistically significant. All analyses were conducted using the Statistical Package for the Social Sciences (IBM SPSS, version 21). A sample size of 358 participants (221 in study and 137 in control group) would result in over 80% power to detect a 0.2 difference of proportion of APO between the groups at the 5% level of significance.

3. Results
==========

After implementation of study inclusion and exclusion criteria, initial number of potentially eligible participants was 437. When examined for eligibility, 401 were confirmed as eligible, and initially included in the study. During follow-up of study participants, due to the confirmed congenital fetal anomalies, abnormal fetal karyotype, placenta previa and placenta accrete, and confirmed perinatal infections and as well lost patients during follow-up the total number of eligible subjects was 358. All qualified study participants were Caucasians and the average age of participants was 33.67 ± 4.01 years. The study group included 221 women and control group comprised 137 women. Following types of inherited thrombophilias were present in our study participants: methylene tetrahydrofolate reductase C677T (MTHFR), Plasminogen activator inhibitor (PAI) type 1 (PAI--1), Factor V Leiden (FVL), and Prothrombin gene mutation G20210 (PT). Besides, combined thrombophilia (more than 1 thrombophilia mutation in 1 patient) was present in 22 patients, 17 in study group, and 5 in control group. Significant difference was not found between those inherited thrombophilias with the highest odds related to APO (such as combined thrombophilia, PVL and PT) and those with lower odds (such as PAI and MTHFR) associated with APO (Table [1](#T1){ref-type="table"}). Study groups were similar regarding demographic characteristics, environmental exposures, life style factors, and adverse health outcomes recorded in medical, family, and obstetric history. Significantly higher prevalence of subclinical thyroid dysfunction in medical history was present in study group compared to control group. A positive family history of HA and DVT was more frequent in the treated group, and these differences were statistically significant (*P* = .005 and *P* = .024, respectively). A large number of patients in both groups had previous APO but the differences between groups were not significant. The characteristics of study groups and distribution of different types of inherited thrombophilias are shown in Table [1](#T1){ref-type="table"}.
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Characteristics of study participants.
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The largest number of participants in study group received nadroparin (71.3%), dalteparin (17.8%), enoxaparin (10.9%). All cases of thrombocytopenia, 1 in study group (0.45%) and 2 in control group (1.46%), were observed only at gestational age ranged between 36th and 38th weeks of gestation, without significant difference in frequency between study groups (*P* = .341) and with OR 0.33 in 95% CI ranging from 0.03 to 3.66. Significant differences were not found in the mean serum protein levels at each study time points and D-dimer at 28th to 30th weeks of gestation between the groups. However, D-dimer at 32nd to 34th week\'s gestation and 36th to 38th weeks of gestation as well Doppler indices of Umbilical arteries at each study time points were significantly different between study groups (Table [2](#T2){ref-type="table"}).
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Laboratory parameters and Doppler indices of Umbilical artery.
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Preeclampsia, hypertension, placental abruption, and thrombocytopenia were more common in patients without LMWH prophylaxis compared to the group with LMWH prophylaxis, but the differences were not significant (Table [3](#T3){ref-type="table"}). The majority of patients with anticoagulation therapy (91.8%) delivered at 38/39 weeks of gestation while there were 8.2% of premature deliveries. In study group IUFD and miscarriages have not been recorded. In control group 1 IUFD and 10 miscarriages have been recorded, 82.3% participants gave birth at 38/39 weeks of gestation, while 13.2% had preterm birth. Significantly higher prevalence of IUFD and miscarriages were present in control group compared to the study group (*P* \< .001). In the study group, 26.5% of patients had vaginal delivery while 16.7% of patients in the control group had vaginal delivery. Vaginal delivery was significantly more frequent in the study group (*P* = .042).
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Pregnancy perinatal and delivery outcomes.
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According to the results of the univariate analysis (Table [4](#T4){ref-type="table"}), LMWH prophylaxis and Ri were significant protective factors for APO (Table [4](#T4){ref-type="table"}). Women with LMWH prophylaxis were 64% less likely to have APO than patients without prophylaxis (OR = 0.36; 95% CI: 0.21--0.63). Women with normal Ri were 96% less likely to have APO than patients with elevated Ri (OR = 0.04; 95% CI: 0.02--0.11). In a multivariate regression model with APO as a dependent variable, only Ri was detected as a significant protective factor, after adjusting for age and LMWH prophylaxis (*P* \< .001). Women with normal Ri were 96% less likely to have APO than patients with elevated Ri (OR = 0.04; 95% CI: 0.01--0.11).
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Logistic regression analysis.
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4. Discussion
=============

This study compared 2 approaches in management of pregnant women with inherited thrombophilias regarding APO. One is conventional approach without use of LMWH, and the other 1 uses LMWH for targeting potential prophylaxis of APO. Our study provides further evidence that supports the usefulness of the LMWH in pregnant women with inherited thrombophilia for prevention of APO. Evaluation of primary study outcomes has revealed better perinatal outcomes in women with LMWH prophylaxis compared to women managed with conventional approach. An important finding among secondary study outcomes was significantly higher umbilical artery Ri in control group compared to study group in all 3 study time points. After adjusting for LMWH prophylaxis and age as potential confounding factors, multivariate regression analysis revealed increased Ri as an independent predictor for APO.

Significant differences in rate of FGR between the groups and calculated OR could indicate the beneficial use of LMWHs in preventing FGR. Maternal malnutrition, low serum protein levels, and smoking are risk factors for FGR. Absence of significant differences in mean serum protein levels and frequencies of smokers between the study groups highlight the strength of assumed association between use of LMWHs and reduction of incidence FGR. Moreover, it could be assumed that one of the reasons for FGR in women with inherited thrombophilias is impaired utero-placental circulation. This was pointed by significantly higher values of D-dimer from 32nd gw and umbilical artery Ri at all 3 study time points in control group comparing to the study group. Women with FGR and/or preeclampsia have serious changes in the fibrinolytic activity comparing to healthy pregnant women.^\[[@R19]\]^ Furthermore, increase of D-dimer may be associated with APO, such as FGR and preeclampsia.^\[[@R20],[@R21],[@R22]\]^ Additionally, a case-controlled study that compared the incidence of FGR between healthy women and women with inherited thrombophilias without LMWH therapy revealed that LMWH untreated inherited thrombophilias represents risk factors for FGR.^\[[@R4]\]^

Mean values of umbilical artery Ri measured on all 3 study time points (28th to 30th, 32nd to 34th and 36th to 38th weeks of gestation) were significantly higher in the control group compared to LMWH treated group. This is in accordance with the study performed in non-thrombophilic women with history of preeclampsia.^\[[@R23]\]^ All these findings suggest the role of LMWHs in the reduction of resistance of utero-placental flow. Umbilical artery resistance reflects the resistance in placental blood vessels and constantly decreases as result of placental development.^\[[@R24]\]^ Insufficient placental development, followed by the failure in reduction of umbilical artery resistance, is usually associated with FGR, preeclampsia, and other APO.^\[[@R24]\]^ Furthermore, placentas of women with inherited thrombophilias show features of abnormal placental development and maternal placental vascular under-perfusion.^\[[@R8]\]^ This was further supported by Trudinger and Giles, who have demonstrated higher Ri of umbilical artery in women with inherited thrombophilias and pregnancy complications. This was caused by increased resistance of small placental vessels due to thrombotic lesions observed on the pathologic examination of the placenta in those women.^\[[@R25]\]^ Both in vitro^\[[@R26]\]^ and in vivo^\[[@R27]\]^ experiments have demonstrated that LMWHs decrease vascular resistance by direct anti-inflammatory and antithrombotic effects on utero-placental vessels.^\[[@R28]\]^ Inflammatory mechanisms are at play at the maternal--fetal interface and have influence on placental development. Natural killer (NK) cells are producing several angiogenic factors essential for angiogenesis, placentation, remodeling of decidual vessels, and uterine spiral arteries and therefore are important for satisfactory placental perfusion in normal pregnancy.^\[[@R29]\]^ On the other hand, excessively increased NK cell fractions decrease uterine blood flow through pro-inflammatory actions of NK cells, leading to inflammation and thrombosis in decidual vessels. Koo and colleagues have confirmed a positive correlation between NK cell fractions with Ri of utero-placental vessels in pregnant women with history of recurrent miscarriages.^\[[@R30]\]^ Increased resistance was especially evident in women with elevated NK cell fractions. Moreover, mean Ri of utero-placental vessels was significantly decreased 1 week after LMWH treatment.^\[[@R30]\]^ LMWHs durably improve uterine blood flow and pregnancy outcomes particularly in women with decreased uterine blood flow and poor obstetric histories,^\[[@R31]\]^ while others report that LMWHs only transitorily improve utero-placental circulation in women with thrombophilia at risk of severe APO.^\[[@R32]\]^

Preeclampsia, hypertension, and placental abruption were more common in patients without LMWH prophylaxis, which is in line with other studies,^\[[@R14],[@R23],[@R33],[@R34]\]^ but in contrast with the study of Martinelli and colleagues who have also evaluated all types of preeclampsia.^\[[@R35]\]^ Surprisingly, our results regarding all preeclampsia types are in line with the study of Gris et al who have included only women with severe or early onset preeclampsia.^\[[@R34]\]^

LMWH prophylaxis resulted in significantly lower rates of miscarriages and IUFD compared with control group, which is in accordance with other studies.^\[[@R33],[@R34],[@R36]\]^ While Aracic et al demonstrated that regardless the type of thrombophilia, LMWHs significantly improved pregnancy outcomes by decreasing the rate of miscarriages,^\[[@R36]\]^ Foka and colleagues found that FVL and PT mutations, but not MTHFR, were associated with miscarriages rates.^\[[@R37]\]^

No differences were found in preterm birth rates between study groups, which is in line with Abheiden and colleagues,^\[[@R38]\]^ but in contrast to the results of Aracic et al^\[[@R39]\]^ and to meta-analysis performed by Roger and colleagues.^\[[@R11]\]^ Vaginal deliveries were more common in study group compared to controls, which is in contrast to the results of Martinelli and colleagues.^\[[@R35]\]^ However, they have prematurely stopped the study because of funding issues and slow recruitment rate, which could influence the results regarding study outcomes.

Even though there are a large number of studies, as well as protocols, the impression is that a joint consensus about the administration of LMWH prophylaxis in women with inherited thrombophilias has not yet achieved. It is obvious that we need joint contribution and summation of insights of physicians' specialized in different area of medicine, together with individual, tailored-made approach to each patient. Our study demonstrates that conventional approach without LMWH prophylaxis and the increase of umbilical artery Ri were predictors of APO. Multivariate regression model demonstrated that the increase of umbilical artery Ri is the independent predictor of APO in women with inherited thrombophilias.

The present study is prospective observational cohort study, not randomized clinical trial. Therefore, LMWH prophylaxes for APO as exposure and pregnancy outcomes were ascertained almost concurrently. Furthermore, these types of studies have in general low internal validity. Moreover, our control group was not comparable to the study group in all ways. Subclinical thyroid dysfunction was more prevalent in participants in study group compared to those in control group. Furthermore, arterial hypertension and deep venous thrombosis in family history were more prevalent in participants of study group. Deep venous thrombosis in family history had impact on decision of attending obstetrician for LMWH prophylaxis according to present guidelines for thrombophrophylaxis in pregnancy.^\[[@R15],[@R16]\]^ Similarly, subclinical thyroid dysfunction could affect the outcome of pregnancy. All above mentioned facts we acknowledge as the limitations of study. However, we have used sophisticated techniques, such as multivariate regression analysis, to account for confounding.

Antenatal screening for plasminogen, Protein C and S deficiency is expensive and in our health care system reserved only for high risk patients. Consequently, we were not able to screen these thrombophilias in all participants and therefore they have not been evaluated in our study and we acknowledged this issue as the limitation of the study.

This study aimed to draw implications about the effect of LMWH prophylaxis for APO in women with inherited thrombophilias, where the assignment of participants to groups is observed instead of influenced through randomization by the investigator. In order to answer research question, we have used primary data, collected by the investigation team for the purpose of the study, instead of already collected data for another purpose but used to examine a research question, which we consider as the strength of the study. We were able to control data collection and follow-up methods. The prospective design of study, with thorough personal, family, reproductive histories obtained before the follow-up of the participants lessened recall bias. Moreover, the prospective nature of the study meant it was also possible to estimate the time course of events, or to be precise, to determine whether LMWH prophylaxis influenced succeeding pregnancy outcomes. Therefore, we were able to identify the population at risk for APO among our study participants. Furthermore, to the best of our knowledge, this is the first study that evaluated LMWH prophylaxis for APO in women with hereditary thrombophilias regardless to previous adverse health outcomes in personal, family or reproductive history. External validity is achieved by a relatively large number of study participants obtained from a population from multiple geographical localities, instead of single geographic location. Our clinic is the tertiary health care center and the biggest clinic in this region of Europe with high risk patients referred not only from all parts of Serbia, but also from neighboring countries, such as Montenegro, Republic of North Macedonia, Bosnia, and Herzegovina. Because of this, we could assume that the assumptions drawn about cause-effect relationships apply to people in other geographic locations.

Presented results demonstrate better pregnancy, perinatal and delivery outcomes in women with inherited thrombophilia managed with LMWH prophylaxis compared to those with conventional approach, which implies medical surveillance alone. Conventional approach and increase of Umbilical artery Ri were predictors of APO. However, since the umbilical artery Ri is independent predictor of APO, we believe that Doppler evaluation should be considered as a possible tool for redefining approach to women with inherited thrombophilias with LMWH prophylaxis for APO. However, randomized clinical trials are needed to evaluate this relationship, and to confirm the role of LMWH prophylaxis for APO. We believe the future research could also focus on the possible role of increased Doppler resistance indices of umbilical artery in the guidance of management of women with inherited thrombophilia and LMWH prophylactic usage.
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